BACKGROUND AND PURPOSE
The purpose of this engineering note is to explain the redesign of the low conductivity water system (LeW) at D-Zero. The areas to be covered include the sizing of the High Bay, the pressure drop and temperature rise in the buss. In addition, I
will try to determine if any more pumps are needed to support this new system.
Originally, the purpose of the LeW was to provide cooling for the EF, eF, SAMUS magnets and the magnet power supply. The water source is composed of two 1 Y2 Be, 20 hp, centrifugal pumps (see Table #2 ) which are located in room 6Q4 of the D Zero Assembly bUilding.
CURRENT DESIGN
A redesign of this system was necessary because the magnet power supply has been moved to room 511 and a buss has been installed in the High Bay. As a result, a means of cooling these components was needed. The following configuration will be the new LeW system: In room 604, two lines (supply and return) are to be teed into existing LeW lines, where they will follow a path along the existing stairwell into room 603. The piping is then runalong the north wall and across the High Bay, following the same path as an existing cable tray. Upon reaching the south wall, the pipes will enter room 511 where they will branch into 3 drops before being terminated. One of these drops will provide the water necessary for the buss, the second will be used for the chokes while the third will provide the cooling for the power supply. Each drop will have a plug valve as well as a flow meter. This setup will be used as a means of balancing the system while using a minimum amount of water. 2 
PROCEDURE AND CALCULATIONS
A flow rate of 15 gallons per minute (GPM) has been determined to be optimal to support the cooling of the chokes, buss and power supply. The individual flow rate requirements for these components are: 2 GPM, 4 GPM and 5 GPM, respectively. The sum of these rates is 11 GPM but to be safe it has been rounded to 15 GPM. Since the pipe size for the High Bay run has not been determined, it must be calculated now. The following criteria have been established for this pipe (note: from this point forward the pipe running through the High Bay to room 511 will be referred to as the HigQ Bay Pipe, while the buss pipe will be simply referred to as the buss):
1) Steel pipe -chosen primarily because of the low cost of steel as opposed to brass or copper.
2) An equivalent length of 316 +1-22 feet -this total length is based on the summation of the total of straight pipe plus the equivalent length of straight pipe for the elbows and tees.
[2] lines from room 604 to room 511 128' x 2 = 256'
18' x 2 ==256
[16] 90 degree ells 3'xI6==48' 4' x 16= 64 [2] tees (flow through side)
6' x 2 = 12' 9' x 2 = 18 TOTAL (1 inch) = 316' (1 1;2 inch) = 338'
(these values are based on friction losses from Table #1) 3) Capable of providing 15 GPM of flow -discussed above 4) A pressure drop of , at most, 25 psi -This pressure drop has been selected after careful review of the historical data provided by the current LCW system.
This data shows that the supply pressure is consistently around 120 psi while the return is about 20 psi. This gives a pressure drop of 100 psi.
To be conservative, we shall only have a pressure drop of 25 psi. The remaining 75 psi will be absorbed by valve #1 at the beginning of the High Bay supply line (see Figure #1 -valve #1).
In order to calculate the necessary High Bay pipe size. we must sum all the pressure drops along its course remembering that this total shall not exceed 25 psi.
These pressure drops are (refer to Figure #1 
PRESSURE DROP IN THE BUSS
A drop from the High Bay line connects to the buss which is split into two routes as seen in figure 1 . Route #1 drops down through the walk to the pipes running along the wall. There it is angled 90 degrees and runs along the side of the clean room.
Route #2 drops down at the end of the walk, past the pump room in the High Bay. Then, it turns and runs into the collision hall through a couple of shielding blocks. The equivalent length for each of these two routes is no more than 300 feet (The 300 feet includes the 150 ft. to the end of each buss route plus 150 ft. for the return trip). The required flow rate for either route is 4 GPM which is to flow through a square edged pipe with a circular inner diameter of 0.75 inches. The pressure drop across the buss is equivalent to the pressure drop across one of the chosen routes, since, at anyone time one of the ends of the buss will always be capped. While the friction factor is: (using equation #7) f= 0.0281
Thus the resistance coefficient (K) for the pipe is:
K -135.1 while K for the plug valve is:
[2b]
K-0.45
Finally, the pressure drop for the buss pipe and valve #2
[psi] [3] is determined to be 7.699psi with a contribution of 0.0256 psi from valve #2. 
IDGH BAY PIPE SIZING
Two methods were used to calculate the inner diameter of the High Bay Pipe. One method involved the use of an iterative process while the other was based primarily on an assumption.
Method #1
Initially, we must make an educated guess as to what the inner diameter of the pipe might be. We then use this guess in equation #1 and determine the rate of flow per cross-sectional area (G).
G -E! -A [4] where The next step is to determine the Reynold's Number using equation #5.
N Re -
DG

Jl
[dimensionless] [5] 6 where: !l-viscosity [kglm~s] Having obtained the Reynold's Number, we must decide if the flow is turbulent or laminar so as to determine the corresponding friction factor (0. The following ranges will help in obtaining the correct friction factor.
&<2300
fo. 641 Nn:
[6] 3000 < N m < 50000 [7] 50000< N m f -0.184 Nre·O.20 [8] 
25 psi and a max. of 110 GPM with ilP= 100 psi. Consequently, we will have satisfied our flow requirements along with allowing for any future needs that this LCW system may have to satisfy. As mentioned before, we must use a plug valve on the supply line (see Figure 1 -valve #1) in order to maintain control of the system. Also, a second plug valve (see Figure 1 -valve #5) will be located on the return High Bay line. This second valve is used as a form of redundancy. For instance, if a leak occurs in the system or a new drop is to be installed in the High Bay line, some means of avoiding backwash from the return pipe must be provided. It is recommended that these valves be 1 Y2 inch DeZURIK SERIES 400 ECCENTRIC PLUG VAL YES (see attached pamphlet). Also, the plug valves located on the buss, chokes and power supply drops should be % inch DeZURIK plug valves. In addition, it is recommended that adjustable memory stops be obtained for each valve as a way to manually control each one.
SUMMATION OF PRESSURE DROPS
For this summation of pressure drops please refer to Figure #1 for segment representations. The primary equations that will be used are equations #1 and #3, with K values depending if the segment is a pipe (equation #2) or if it is a valve (equation #2b).
Segments: is not required at this time. Also, because a 1 1/2" pipe has been selected, there !S more than enough flow to support the redesigned system and possibly any other additions in the future.
TEMPERATURE RISE IN THE BUSS
Using the First Law of Thermodynamics we are able to determine the temperature rise in the buss. First we must determine the pressure at state #1 which corresponds to the position on the High Bay line where the drop for the buss is located.
Using equation #3, for a mass flow rate of 15 GPM, inner diameter = 1.610 in, and length of pipe from room 604 to the buss drop (High Bay pipe) of 138 ft, the pressure drop is 0.947 psi. : ' , r ,,1",' ':" ," " !t",")'~";","" I;,:' Weight per gallon is based on 748052 gallons per cubic foot.
All data on volume and rressure are abstracted from ASME Steam Tables (1%7) 
. 2 Double·seal for tight shutoff and • safety A resilient seal molded into a groove in the plug face assures dead· tight shutoff on liquids and gases without the use of sealing lubricants. When the plug is closed, the resilient seal is compressed against the seat. The metal on the plug face also makes contact with the metal seat to provide a second seal for safety. Gas industry fire tests showed that this second metal seal provides nearly bubble·tight shutoff with the resilient seal burned away. 1 --. . . . . . . . . . . . In the open pOSition, flow is straight through and flow capacity is high.
~~~-~--------
- --~-.-.---~~ -------------
2----!.I!!!I!!!!!!!I\
As the plug closes, it moves toward the seat without scraping the seat or body walls so there is no plug binding or wear. Flow is still straight through making the throttling characteristic of this valve ideal for manual throttling of gases and 1iquids.
In the closed position. the plug makes contact with the seat. The resilient plug seal is pressed firmly into the seat for dead·tight shutoff. Eccentric plug and seat design assure lasting shutoff because the plug continues to move into the seat until firm contact and seal is made.
materials and ordering
To order. give the complete valve identification by specifying the ordering code for each item as shown below. An ordering example is shown at the bottom of the page.
VALVE SIZE
Give Accessories are also shown on page 5.
ACTUATORS AND ACCESSORIES
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